Research is increasingly recognised as a key component of medical curricula, offering a range of benefits including development of skills in evidence-based medicine. The literature indicates that experienced academic supervision or mentoring is important in any research activity and positively influences research output. The aim of this project was to investigate the human research ethics experiences and knowledge of three groups: medical students, and university academic staff and clinicians eligible to supervise medical student research projects; at two Australian universities. Training in research ethics was low amongst academic staff and clinicians eligible to supervise medical student research. Only two-thirds of academic staff (67.9 %) and students (65.7 %) and less than half of clinicians surveyed (47.1 %; p = 0.014) indicated that specific patient consent was required for a doctor to include patient medical records within a research publication. There was limited awareness of requirements for participant information and consent forms amongst all groups. In the case of clinical trials, fewer clinicians (88.4 %) and students (83.3 %) than academics (100 %) indicated there was a requirement to obtain consent (p = 0.009). Awareness of the ethics committee focus on respect was low across all groups. This project has identified significant gaps in human research ethics understanding among medical students, and university academic staff and clinicians. The incorporation of research within medical curricula provides the impetus for medical schools and their institutions to ensure that academic staff and clinicians who are eligible and qualified to supervise students' research projects are appropriately trained in human research ethics. The authors declare that they have no conflicts of interest. The study was approved by two university ethics review committees. Participants were provided with participant information. Tacit consent was implied by completion of an anonymous survey. All data were collected anonymously.
Introduction
Research is increasingly recognised as a key component of medical undergraduate curricula with expectations that graduates will not only understand evidence-based medicine, critically appraise and apply the evidence, but also undertake independent inquiry (Irby 2011; Laidlaw et al. 2009; Schor et al. 2005) . Medical students may conduct research as an elective experience, but there are now greater expectations for research to be a compulsory component of medical programs (Riley 2009 , Rosenkranz et al. 2015 , particularly as there are few opportunities or expectations for graduates to do research in the first few years of graduate practice and clinical training (Health Workforce Australia 2012) . This is reflected in the emergence of graduate programs with the aim of producing clinician scientists (Dannefer et al. 2014) , and recent revisions of accreditation criteria for medical schools. For example, the current graduate outcomes which graduates of all accredited Australian and New Zealand medical schools now must achieve specifically include students' ability to:
Apply knowledge of common scientific methods to formulate relevant research
questions and select applicable study designs, and
Demonstrate a commitment to excellence, evidence based practice and the generation of new scientific knowledge (Australian Medical Council 2012).
The research activities which students undertake may be part of established research programs or as stand-alone projects (Black et al. 2013; Boyd and Wesemann 2009; Halpain et al. 2005; Houlden et al. 2004; Schor et al. 2005 ; O'Connor Grochowski et al. 2007; Rosenthal et al. 2009; Mullan et al. 2014) , with many students being supervised by academic staff or clinicians associated with a medical school.
Students are more likely to obtain a satisfying research experience if their research mentors or supervisors are suitably qualified and experienced (Rosenkranz et al. 2015) . Mentor/supervisor experience is essential in guiding students in developing appropriate research questions, designing research methodology, and analysing and interpreting study results, while also advising and directing students in the ethical conduct of research. However, many academic staff, clinician researchers, and research mentors have not received formal training in human research ethics (Babl and Sharwood 2008) , which may result in poor advice to students in research activities such as recruitment, access to medical records, and maintaining privacy. Undertaking 'bad science' can negatively impact on the development of students' research integrity, create a negative opinion of ethics review committees, or result in unpublishable research findings (Rosenkranz et al. 2015) .
The aim of this project was to investigate the human research ethics experiences of current medical students, and university academic staff and clinicians who supervise medical student research projects, at two Australian universities. The knowledge of these medical students, university academics and clinicians about human research ethics issues such as informed consent, appropriate use of patient medical records, and research participants' privacy was also investigated.
Methods

Context and Participants
Academic and clinical conjoint staff, and students from the medical programs at two Australian universities were invited to particpate in this study. These medical schools were selected as examples of the diversity of medical school curricula in Australia and New Zealand, ranging from 6-year direct school leaver entry to 4-year graduate entry programs. While both medical schools in this study have compulsory community-based research course components and students are expected to achieve the same graduate outcomes, the students differ in their backgrounds and prior research experiences.
The medical course at University A (Univ. A) is a 4-year graduate-entry program in which research and critical analysis is embedded as a core theme throughout the entire course (Mullan et al. 2014 ).
The capstone activity is a community-based research project undertaken in the senior years during a 12-month longitudinal integrated clerkship placement. All students are provided with qualified research supervision as they experience the continuum of research from developing a research question, applying for research ethics, data collection and analysis and final reporting and dissemination. Student publications and presentations have resulted from these research projects, and evidence of students' increased capacity in research has been demonstrated (Mullan et al. 2014 ).
University B (Univ. B) provides a 5-year direct school leaver entry medical program. While 40% of students have completed at least one year of university, a minority (<10%) are graduates from other courses, or have conducted research (<10%) prior to starting medical school. During the fourth year of the course, all students undertake a community-based research project in groups, supervised by an academic or conjoint, with formal instruction in research methods provided by dedicated teaching staff (Rosenkranz et al. 2015) . Groups develop a research question and project plan, apply for ethical approval, collect and analyse data, and complete a report in the style of a journal publication, with many going on to present their research at academic conferences. A mixed methods study confirmed the potential of compulsory research projects to motivate students to do research later in their careers (Rosenkranz et al. 2015) .
Both universities draw upon similar groups to supervise student research; they include staff who are employed as academics with responsibilities for teaching and research, or those who are appointed as conjoints (honorary academic positions), who work primarily as clinicians in affiliated teaching hospitals and community-based services. As there is considerable overlap between the activities and backgrounds of these groups, for the purposes of the study we defined "Academics" as participants with research qualifications and experience, such as doctorates, peer reviewed publications and grants.
"Clinicians" may have a range of research qualifications and expertise. Those with research qualifications or equivalent experience are eligible to supervise medical student research alone, while those less qualified may provide support to medical students undertaking research, in collaboration with a research qualified academic staff member.
Survey
A survey to assess participants' research experience and responses to ethical issues in human research was adapted from a questionnaire developed by Babl and Sharwood (2008) to evaluate the research experience and knowledge of research ethics of staff , clinicians and research students prior to implementing a training intervention. Similar to Babl and Sharwood's survey we included background questions about the participant's research experience, training and awareness of key policies, adapted for our medical schools, but also included multiple choice questions based on common research ethics scenarios. A copy of the survey questions is available by contacting the authors. The scenarios covered issues of consent, participant information, focus of a research ethics committee, and researcher responsibility regarding privacy when a health issue is revealed during research. Scenarios were informed by national policy documents, research ethics guides (Australian Government [2007A,B] ), the expertise of one author (CT), who is a former chair of the Australian Health Ethics Committee (Australian , and the experience of all authors in developing and coordinating student research programs and assessments at our respective medical schools.
Survey distribution and data collection
To maximise response rates for this diverse group, we used university internal mail services to distribute the surveys to staff (university academics and clinicians) and students. Surveys were also distributed at teaching hospital Grand Rounds meetings (Univ. A), together with a pre-addressed envelope for the anonymous return of the survey. An online version of the survey in Survey
Monkey
TM was also used to increase response rate (Univ. B). Given the differences in timing of research skills teaching in the program, Univ. A students from all phases of the course were invited to participate, with forty percent of respondents being senior students who had already completed their research project. Univ. B medical students completed the survey prior to undertaking formal teaching on research ethics.. At Univ. B, surveys were distributed to students via university email using Survey Monkey TM as an online platform, or as paper-based surveys distributed to students during lectures. After the first mailout, particpants were requested to ignore reminders and other versions of the survey if they had already completed it.
A participant information sheet was provided to all participants and involvement in the study was anonymous and voluntary. This study was approved by the the human research ethics committees of 
Data analysis
Results are presented as numbers and percentages of respondents. Associations across respondent groups (i.e. medical students, clinicians and academic staff) were analysed using Chi squared and
Fisher's exact tests. Individual group response observed rates were compared to expected rates based on entire cohort responses. Statistical analysis was conducted using Prism 6 for Windows (GraphPad Software, Tallahassee). Statistical significance was accepted when p < 0.05.
Results
Respondents
A total of 351 participants completed the survey (Table 1) . Males predominated amongst the clinicians, while the converse was the case for academic staff and medical students. In general, academic staff had the most research experience of the three groups; most academic staff had previously completed an ethics application (83.9%), while only about half of the clinicians (52.6%) and 16% of the medical students had done so. The median duration of research experience, number of research projects and number of publications was highest for the academic staff. About one-third of the clinicians had no previous research experience and only one-quarter had at least 2 years research experience. In contrast, most academic staff had some research experience (88.7%) and over 60% had at least two years prior research experience. For respondents with any research experience Past research experience -median > 4 years 6-12 months 6-12 months Research projects -median N 11-50 5-10 1-4 Publications -median N 11-50 <5 <5 a Australian Government (2007) 
Training in research ethics and experience
Training in human research ethics was low across academic staff and clinicians; less than half the academic staff (41.9%) and only one-fifth (21.1%) of clinicians had received research ethics training (Table 1) . About one-third of academic staff and clinicians indicated that they would like some training in human research ethics, with varying preferences for content including general principles of human research ethics, specific information about consent and recruiting participants, the ethical undertaking of research, information about to how to complete ethics application forms, case-based examples of research projects and issues, interactive discussion sessions, and online learning.
Most academics (71%) had read the National Statement on Ethical Conduct in Human Research
(hereafter called the National Statement) (Australian Government 2007) . In contrast fewer than half of the clinicians and less than one-quarter of medical students had done so. Relatively few respondents had been a member or reviewer for a Human Research Ethics Committee (HREC). Analysis of responses from participants claiming to have research experience indicated that 76.4% of researchexperienced academics had read the National Statement, compared to 52.5% of clinician academics with research experience, and 32.7% of medical students with research experience (Table 1) .
Participant information and consent requirements
Respondents were asked When is a written participant information sheet or verbal information required? Five response options were offered (see Table 2 for response options). Relatively fewer clinicians and medical students correctly identified situations requiring participant information than did academics. Only about 40% of clinicians (40.6%) and medical students (40.2%) indicated that all situations listed required provision of participant information, whereas over 60% of academic staff (p = 0.007) nominated all five answers (Table 2) . In all groups, the answer least likely to be chosen was when the participant was invited to complete an anonymous survey. Only about half of the clinicians (50.7%) and medical students (55.0%) indicated that participant information was required for an anonymous survey, while more academic staff were aware of this requirement (64.4%) (p = 0.28, not significant). The option where most participants thought participant information was required was when the survey participant was part of a drug trial. Even for this option, however, only 82.6% of clinicians indicated information for participants was required, whereas over 96% of academic staff selected this option (p < 0.0001). Proportionally fewer students than academics or clinicians selected this option as requiring provision of participant information (69.9%). Table 3 for response options). Although proportionally more academics indicated each of the correct options than did clinicians or medical students, only 50% of all academics, 36.2% of clinicians and fewer than one-fifth of all students (18.2%) identified all four correct options. All academics indicated consent was required for those involved in a clinical trial, in contrast to 88.4% of clinicians and 83.3% of students who indicated this requirement (p = 0.009).
More medical students (33.0%) than clinicians (20.3%) or academic staff (27.6%) believed a consent form was required for an anonymous survey. To investigate whether any factors could be identified that may have impacted on the choice of answer in Fig. 1 , the association between responses to the preferred option (specific patient consent is required) and research and publication experience, or experience with research ethics, was analysed (Fig. 2) . Extent of research or publication experience or having read either the National Statement or completed an ethics application or ethics training in the past were not significantly associated with the preferred response to this question. Respondents who were or had been members of, or reviewers for, a human research ethics committee had the highest proportion choosing the preferred option (73.1%);
however this finding was not statistically significant. Table 4 outlines the participants' responses to a scenario where a research participant revealed symptoms indicative of depression. Participants were asked their responsibility as a researcher and to fill in as many answers as required.
Attitudes towards a possible health issue revealed while conducting research
Of note, over half of the academic staff (54.7%) and clinicians (53.7%) chose the option of including information about symptoms of depression on the participant information sheet, more so than student respondents (33.7%, p = 0.002). Academic staff and clinicians were also more likely than students to provide more information on seeking help, or to approach the general practitioner (GP) or practice staff about a research participants' disclosure of depression. About one-third of medical students (32.1%) indicated they did not know the answer (p < 0.0001). The responses to the option to include symptoms of depression on the participant information sheet were further analysed according to the groupings used earlier in Fig. 2 . The groups least likely to include information about depression on the participant information sheet were students and those with no past research experience (Table 4 ; Fig. 3a) , whereas clinicians and those who had published (p < 0.0025) were significantly more likely to do so (Fig. 3a) . Clinicians, those with one year or more of research experience, and those who had published were significantly more likely to inform the patient's GP about the patient's self-report of depression (p = 0.031, p = 0.048, p = 0.023 respectively) (Fig. 3b) . 
Human ethics principles
Participants were asked to consider the following scenario about human ethics principles: You are undertaking a research project and would like to find out how patients at a local health clinic prepare themselves for a consultation. For example, how much reading they do, whether they prepare questions to ask the doctor etc. They were asked to identify which one of the following principles of research ethics is a reviewing HREC most likely to focus on (see Table 5 for response options). 'beneficence' as the answer while this was chosen by only one-quarter of clinicians (26.9%) and medical students (23.9%). There was a high proportion of 'don't know' or missing responses to this question (Table 5) .
Discussion
The ethical conduct of research is of paramount importance in any medical research, and particularly in developing good practice amongst early-career researchers (Costello Ingham 2003) . Supervisors play a valuable role in modelling and encouraging the development of research integrity amongst students (Gray and Jordon 2012) . It is concerning that fewer than half of the university academic staff surveyed in this study, and only one-fifth of the clinicians, had undertaken any research ethics training in the past, although more indicated they had read Australia's National Statement on the ethical conduct of research. Babl and Sharwood (2008) found a similar lack of training among clinical researchers at a non-government Australian research institute. They also drew attention to the problem of junior researchers being involved in research and obtaining patient consent under supervision of more senior clinician researchers who themselves were not necessarily more experienced or aware of some aspects of contemporary ethical standards for research.
The incorrect responses given by participants about provision of participant information and consent forms in this study predicate the need for ethics education for research supervisors in these basic human research ethics requirements. The finding that some respondents considered consent may not be required even to participate in a clinical trial signals a need to address this issue amongst inexperienced clinical staff who may be approached to supervise student research. The issue of informed consent also relates to the broader issue of the ethics committee focus on respect and dignity, and the way cultural differences and sensitivities of participants are valued and incorporated into the research process (Pieper and Thomson 2015) . In this study, there was generally poor recognition of the focus of the ethics committee on respect during the recruitment process.
The lack of experience and knowledge in human research ethics amongst the clinician participants is et al. 2015) and improved ability of researchers to engage research students in recognising and managing these issues (Titus and Ballou 2014 ).
In the current study, a greater proportion of medical students than clinicians correctly indicated the requirement for patient consent to access medical records, illustrating the possible role of other areas of the medical curriculum relating to clinical practice in influencing student knowledge and attitudes about research practice. Just under ten percent of the medical students surveyed had received training in human research ethics, and about one-quarter had read the National Statement. All but one of those medical students indicating they had read the National Statement were graduate-entry medical students from Univ. A (data not shown). The Univ. B students who participated in the study had not yet received any dedicated teaching on research ethics or curriculum-based research experience and only about seven percent of this cohort had previous research experience before entering medical school. Ensuring that course-related research activities are appropriately supervised by researchers who are aware of ethical requirements for human research should assist in developing and enhancing positive attitudes already established through prior experiences or earlier course work provided within a research-focussed curriculum.
The increasing involvement of medical students in research indicates recognition of the value of enquiry, reflective practice and analysis of evidence in the development of research-aware and research-oriented doctors, and competent evidence-based clinicians (Lawson et al. 2014; Laidlaw et al. 2012 ). Many medical student projects investigate clinical or community issues and involve human participants. The requirement for approval from a human research ethics committee before undertaking a project provides an important safeguard to protect the research participants as well as the researcher(s), and to ensure the research will be of benefit (Australian Government [2007A,B] ).
Some students are frustrated by the formal ethics requirements of research (Rosenkranz et al. 2015) and a good understanding of the principles of ethical conduct of research amongst their academic and clinical supervisors can expedite the ethics review process, cultivate a positive attitude among students towards research ethics, as well as improve the quality of medical student research.
Although some significant associations were found in this study, no particular factor was consistently associated with the preferred choices in this survey. While the participants who had been members or reviewers of a human research ethics committee did not score particularly well in our study, a study by Thompson (2014) found that people who had served as chairs of dissertation committees had better knowledge of research ethics than those who had not served as chairs. Acting as chair of an ethics committee represents a greater participation in the process of applying the standards of ethical conduct of research compared to being a reviewer or committee member, which in turn is a greater participation that someone who has only read the National Statement. With this in mind, a more practical approach to developing students' awareness of human research ethics may include introducing students to the application of the standards of ethical conduct of research rather than didactic instruction in principles and processes. A recent pilot study by Gromski et al. (2015) supports the involvement of medical students on HRECs, suggesting it could also be useful in developing knowledge in research design and analytical skill. Combining small group learning, practical cases, role-play and interdisciplinary learning have also been reported as effective approaches to providing education in research ethics (Zawati et al. 2015) . Similarly, programs reported to improve capacity in research supervision have included short courses, workshops or specific training (Balster et al. 2010; Ramalingam et al. 2014; Ajuwon and Kass 2008) .
The practical impact of these findings is relevant at an institutional level. Academic institutions have overall responsibility for research undertaken therein, and support for ethics committees and in establishing a culture of excellence in ethical conduct of research is paramount (Davey 2009 ). It is important that institutional support for student research extends to short-term or relatively small medical student research projects which nonetheless deserve the same research ethics consideration that is applied to other faculty (Edwards 2009; Gallagher et al. 2014) . The results presented here would suggest that establishing a standard in human research ethics knowledge for current and potential academic and clinical research supervisors is a pressing issue. However, while provision of research ethics training opportunities for medical student research supervisors may be helpful, there is no guarantee they will undertake such opportunities. Mandatory training for potential supervisors may be an option to consider, and would be an improvement on a mere acknowledgment of researchers having read the National Statement when submitting applications for research ethics review. In North America, many institutions require all research team members to complete an on-line human research ethics course prior to approval by an Institutional Review Board (Collaborative Institutional Training Initiative, 2014) . Such a strategy may be of benefit to novice student researchers, inexperienced supervisors and ultimately, the quality of research administered by academic institutions.
There are some limitations to this research. The two medical programs are dissimilar in structure and delivery although the same learning outcomes in research are expected. While this is unlikely to be relevant to the responses of clinicians and academic staff, the entry requirements and curriculum structures may have impacted on the responses provided by the student participants. Student responses were combined in order to provide an overall response for the purposes of reporting in this paper. In order to test the robustness of this approach, further investigation was undertaken and found similar results from each institution. The question about the use of patient data (Fig 1) returned similar results (64.3% of students from Univ. A gave the preferred answer versus 67.7% from Univ. B).
Moreover, similar proportions from each institution selected all four correct options in Table 3 (17.0% for Univ. A versus 19.4% for Univ. B).
Conclusion
Medical student research is an important component of a medical curriculum and has the potential to influence future doctors in their practice of evidence-based medicine, in their understanding of new therapies and treatments, and in their capacity to undertake clinical and/or community-based research.
